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In the title compound, [Sn 2 (C 4 H 9 )4(C 6 H 6 P03)4]„, the basic 
unit is a dimer containing two symmetry-related Sn IV atoms 
bridged by two hydrogenphenylphosphonate anions. This 
fragment is located about an inversion center, and each Sn IV 
atom is linked to two other hydrogenphenylphosphonate 
anions, giving a layered structure parallel to (010). The 
coordination geometry for the Sn IV atoms is close to 
octahedral. The layers are connected via O— H- ■ O hydrogen 
bonds, generating a three-dimensional network. One butyl 
group is disordered over two sets of sites, with occupancies of 
0.49 (2) and 0.51 (2). 

Related literature 

For medicinal applications of Sn IV compounds, see: Evans & 
Karpel (1985). For the biocidal activity of organotin 
compounds, see: Molloy et al. (1981). For background to the 
search for new organotin compounds, see: Holmes et al. 
(1988); Hadjikakou & Hadjiliadis (2009). For work in this field 
carried out by the authors, see: Diasse-Sarr et al. (1997); Sail et 
al. (1992); Boye & Diasse-Sarr (2007); Diop et al. (2011). 




Experimental 

Crystal data 

[Sn 2 (C 4 H 9 ) 4 (C 6 H 6 P03)4 
M r = 1094.14 



HO Ph 

V 

B \l/ A 

A Xf3u 

Ph OH 



Triclinic, PI 

a = 11.0258 (3) A 



O^v vx< Sn 



OH 



b = 13.8500 (4) A 
c = 16.0177 (4) A 
a = 74.074 (1)° 
P = 89.742 (1)° 
y = 77.291 (1)° 
V = 2290.44 (11) A 3 

Data collection 

Nonius Kappa CCD diffractometer 
Absorption correction: multi-scan 
(SORTAV; Blessing, 1995) 
T mi „ = 0.699, r maI = 0.882 

Refinement 

R[F 2 > 2a(F 2 )} = 0.053 
wR(F 2 ) = 0.142 
S = 1.05 

10394 reflections 
570 parameters 
4 restraints 



Table 1 

Hydrogen-bond geometry (A, °). 



Z = 2 

Mo Ka radiation 
ii = 1.29 mm -1 
T = 150 K 

0.30 x 0.25 x 0.10 mm 



35391 measured reflections 
10394 independent reflections 
8145 reflections with / > 2a(l) 
R,„. = 0.060 



H atoms treated by a mixture of 
independent and constrained 
refinement 

Ap max = 2.73 e A~ 3 

Ap mi „ = -1.93 e A~ 3 



D-H-A 


D-H 


H-A 


D-A 


D-H-A 


O3-H3-O10' 


0.87 (2) 


1.80 (1) 


2.656 (5) 


172 (6) 


06-H6-01 


0.86 (2) 


1.77 (1) 


2.628 (5) 


172 (6) 


09-H9-04 


0.87 (2) 


1.83 (2) 


2.662 (5) 


159 (6) 


012-H12- ■ 08" 


0.88 (2) 


1.78 (2) 


2.633 (5) 


168 (6) 


Symmetry codes: (i) — x 


+ 2, -y, -z; (li) 


-x + 2, -y, 


-z + 1. 





Data collection: COLLECT (Nonius, 1998); cell refinement: 
DENZO and SCALEPACK (Otwinowski & Minor, 1997); data 
reduction: DENZO and SCALEPACK; program(s) used to solve 
structure: SIR97 (Altomare et al, 1999); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
ORTEP-3 (Farrugia, 1997); software used to prepare material for 
publication: WinGX (Farrugia, 1999). 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: BH2452). 
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Poly[tetrabutyltetrakis(a 2 -hydrogen phenylphosphonato)ditin(IV)] 

Modou Sarr, Aminata Diasse-Sarr, Libasse Diop, Kieran C. Molloy and Gabriele Kociok-Kohn 

Comment 

The interest to synthesize new organotin derivatives is related to their various applications in different fields: 
agrochemicals, surface disinfectants and marine antifouling paints, etc, (Evans & Karpel, 1985); thus many groups have 
been involved in the search for new organotin compounds (Holmes et al, 1988; Hadjikakou & Hadjiliadis, 2009). Our 
group has yet published some papers dealing with SnBu 2 , SnMe 3 and SnPh 3 -residues containing derivatives (Diasse-Sarr 
et al, 1997; Sail et al, 1992; Boye & Diasse-Sarr, 2007). In continuation of this work, we have initiated here the study of 
the interactions between PhP0 3 H 2 and SnBu 2 Cl 2 which yielded Sn 2 Bu 4 (PhP0 3 H) 4 . The phosphorous acids are very 
important in in vivo systems. Phosphorous acids are known for their biocidal activities, as some organotin compounds 
(Molloy et al, 1981). Combining them seems worthy for having specific derivations allowing a positive combination of 
that property. This explains our focus on that type of compounds. 

The asymmetric unit of the title compound contains two dibutyltin(IV) units and four hydrogen phenylphosphonates, 
leading to [SnBu 2 (PhP0 3 H) 2 ] 2 formula (Fig. 1). The structure consists to two equivalents Snl atoms bridged by two 
hydrogenophenylphosphonates, generating a dimer. This fragment is located on a inversion center. Each Snl atom is 
linked to two others dimers based on Sn2 atoms, via other bridging hydrogenophenylphosphonates (P2, P3, P4), 
generating a 2D polymer. Hydrogen bonds O — H— O involving the P — OH groups of the hydrogenophenylphosphonates 
give a 3D crystal structure (fig. 2). 

The hydrogen bonds lead to almost equal P—O bond distances [PI— 01: 1.513 (3) A, PI — 02: 1.516 (3) A, different 
of the P — OH bond: PI — 03: 1.563 (3) A], as reported for dicyclohexylammonium trimethylbis(hydrogen phenyl- 
phosphonato)-stannate(IV) (Diop et al, 2011). The geometry around the P atom is a distorted tetrahedron [01 — PI — 02: 
113.49 (18)°, 01— PI— C23: 109.6 (2)°]. The sum of the O— Sn— O angles is 360.13° for Snl and the CI— Snl— C5 
angle value of 174.37 (18)° indicates some deviation from ideal trans octahedral arrangement around the Sn IV ions. 

Experimental 

The title compound has been synthesized by allowing PhPO 3 H 2 (0.2 g) to react with SnBu 2 Cl 2 (0.1 g) in ethanol (1/1 
ratio). The mixture was stirred for two hours and submitted to a slow solvent evaporation at room temperature, giving, 
after some days, regular colorless crystals suitable for X-ray work (m.p. 463 K). 

Refinement 

One butyl group was found to be disordered: atoms CI 4, C15 and C16 are disordered with C14A, C15A, C16A, and 
occupancy factors converged to 0.49 (2) and 0.51 (2), respectively. Hydroxyl H atoms (H3, H6, H9 and H12) were found 
in a difference map and refined freely, although with restrained bond lengths. Other H atoms were placed in idealized 
positions and refined as riding to their carrier C atoms, with C— H = 0.95 (aromatic CH), 0.98 (methyl CH 3 ) or 0.99 A 
(methylene CH 2 groups). Isotropic displacement parameters for H atoms were calculated as J7i SO (H) = jc(7 eq (carrier atom); 
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x = 1.2 or 1.5. 
Computing details 

Data collection: COLLECT (Nonius, 1998); cell refinement: DENZO and SCALEPACK (Otwinowski & Minor, 1997); 
data reduction: DENZO and SCALEPACK (Otwinowski & Minor, 1997); program(s) used to solve structure: SIR97 
(Altomare et ah, 1999); program(s) used to refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: ORTEP-3 
(Farrugia, 1997); software used to prepare material for publication: ^/wGA^Farrugia, 1999). 




011 

Figure 1 

Three dimensional structure showing the hydrogen bonds as dotted lines. 
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Figure 2 

A part of the crystal structure. 

Poly[tetrabutyltetrakis(^/ 2 -hydrogen phenylphosphonato)ditin(IV) 



Crystal data 

[Sn 2 (C 4 H 9 ) 4 (C 6 H 6 P0 3 )4] 
M r = 1094.14 
Triclinic, PI 
Hall symbol: -P 1 
a= 11.0258 (3) A 
b= 13.8500 (4) A 
c= 16.0177 (4) A 
a = 74.074(1)° 
,3=89.742(1)° 
y = 77.291 (1)° 
V= 2290.44 (11) A 3 

Data collection 

Nonius Kappa CCD 

diffractometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 
525 1 . 1 degree images with tp and a> scans 



Z=2 

F(000) = 1112 

D x = 1.586 MgnT 3 

Melting point: 463 K 

Mo Ka radiation, 1 = 0.71073 A 

Cell parameters from 31068 reflections 

(9 = 2.9-27.5° 

ju = 1 .29 mm -1 

T= 150K 

Plate, colourless 

0.30 x 0.25 x 0.10 mm 



Absorption correction: multi-scan 

(SORTAV; Blessing, 1995) 
T mm = 0.699, = 0.882 
35391 measured reflections 
10394 independent reflections 
8145 reflections with/> 2a(I) 
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R mt = 0.060 

^max 27.5 , 0 m [ n 3.1 

h = —14 — >14 



* = -17->17 
/ = -20^20 



Refinement 

Refinement on F 2 
Least-squares matrix: full 
R[F* > 2(7(7^)] = 0.053 
wR{F 2 ) = 0.142 
5= 1.05 

10394 reflections 
570 parameters 
4 restraints 
0 constraints 

Primary atom site location: structure-invariant 
direct methods 



Secondary atom site location: difference Fourier 
map 

Hydrogen site location: inferred from 

neighbouring sites 
H atoms treated by a mixture of independent 

and constrained refinement 
w = 1/[cj 2 (F 0 2 ) + (0.0765P) 2 + 5.2512P] 

where P = (F 2 + 2F 2 )I?> 

(A/o)max — 0.001 

A/w = 2.73 e A" 3 
4^ = -1.93 eA- 3 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 
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0.49 (2) 


C14A 


1.1434 (16) 


0.2205 (13) 


0.3656 (10) 


0.037 (4) 


0.51 (2) 


H14C 


1.0743 


0.2165 


0.4051 


0.044* 


0.51 (2) 


HMD 


1.2223 


0.1882 


0.4015 


0.044* 


0.51 (2) 


C15A 


1.1416(17) 


0.3335 (14) 


0.3234 (14) 


0.043 (4) 


0.51 (2) 
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TT1 f p 

H15C 


1.1809 


A O C AA 

0.3599 


A O CO 

0.3653 


A AC 1 * 

0.051* 


A C 1 ZO\ 

0.51 (2) 


HI 3D 


1 inn 
1.1932 


U.3384 


A OTOO 

0.2 /23 


A AC 1 * 

0.03 1* 


A C 1 ( n \\ 

0.51 (2) 


C16A 


1.0160 (13) 


A /I A 1 1 / 1 /I \ 

0.4011 (14) 


A OA/I/' /10\ 

0.2946 (13) 


0.065 (6) 


0.51 (2) 


H16D 


0.9 / /o 


0.3 / /4 


a o C 1 c 

0.2313 


a Am* 
0.09/* 


0.51 (2) 


T T 1 ZTT7 

H16b 


1 AO T H 

1.0237 


A AH r \ r \ 

0A722 


A O CO £L 

0.2686 


A AA*7A 

0.097* 


A C 1 ZO\ 

0.51 (2) 


HI or 


A C\tZ A A 

0.9644 


A OAQzC 

0.3986 


(\ ^1 A AO 

0.3448 


a Am* 
0.09 /* 


0.51 (2) 


C18 


A O l 1/ /C\ 

0.8176 (5) 


A 1 AAO / A \ 

0.1993 (4) 


A 101T / A\ 

-0.1217 (4) 


A A1 O C / 1 ") \ 

0.0385 (13) 




H18 


A OOzT/1 

0.8864 


AUK 

0.1413 


A 1 AA*7 

—0.109 / 


A A A C * 
0.046* 




L19 


0.8366 (6) 


A OAOO /C\ 

0.2982 (5) 


A 1 A OA /C\ 

—0.1480 (3) 


A AC C A / 1 0\ 

0.0550 (18) 




H19 


A A 1 A A 

0.9190 


A lAOl 

0.3083 


A 1 C 1 A 

—0.1339 


a A/;/:* 
0.066* 




C20 


A TO ZT O /z"\ 

0.7368 (6) 


A OOO" /C\ 

0.3827 (5) 


A 1/"CA / A\ 

-0.1659 (4) 


A AC A 1 / 1 f \ 

0.0501 (16) 




Hz (J 


o. /309 


A A CA/1 

0.4504 


A 1 O A £i 

—0.1846 


A A/CA* 
0.060* 




z^o 1 

Czl 


0.6183 (6) 


A "J/TOQ (A \ 

0.3588 (4) 


—0.1 3D / (4 J 


0.0464 (13) 




TJO 1 

H21 


0.3303 


0.42 /0 


A 1 /ZQ A 

—0.1684 


0.036* 




C22 


A CAT1 /r\ 

0.5972 (5) 


A OTA/" 

0.2706 (4) 


A 10AC i A\ 

-0.1305 (4) 


A A1/"") /10\ 

0.0363 (12) 




TJO O 

H22 


A C 1 A "5 

0.3143 


0.2616 


A 1 O A C 

—0.1246 


A A/1 /I * 

0.044* 




C23 


0.6961 (4) 


A 1 O CO / A\ 

0.1852 (4) 


A 1 1 O O /I \ 

-0.1128 (3) 


A AO O A /A\ 

0.0230 (9) 




C24 


U.886 / (3) 


A 1 C\AH / A\ 

0.194/ (4) 


A 1 A {1\ 

0.1239 (3) 


A AOO/T /1 A\ 

U.U286 (1U) 




C25 


A T O z - " C / C\ 

0.7865 (5) 


A OZ"TO / A\ 

0.2678 (4) 


A 1TOC / A\ 

0.1385 (4) 


A A")00 

0.0388 (13) 




Hz 3 


A O" 1 A A 

o. /199 


A O /I £C 

U.2463 


A 1 TAA 
0.1 /U9 


A A/17* 
0.04 /* 




L26 


A HO A A /ZT\ 

0.7844 (6) 


0.3719 (5) 


0.1056 (5) 


A AC C £. { 1 0\ 

0.0556 (18) 




TJO /C 

H26 


U. /14o 


A A T"> A 

U.422U 


/I 111/ 
U.1136 


A A£"7* 




C27 


A OOOT / "7 \ 

0.8827 (7) 


A /I A") A / C \ 

0.4030 (5) 


0.0614 (5) 


AAC"71 /10\ 

0.0571 (18) 




Hz / 


U.882U 


A AH A 1 

U.4/43 


A A/1 AC 

0.0403 


A AzCO* 

0.068* 




C28 


n AOOO i£\ 

u.yszz (0) 


A HA/I fZ\ 

U.33U4 (5 ) 


0.04 / / (4J 


A ACOQ / 1 7\ 

0.0328 (1 /) 




T TO O 

H28 


1.0495 


0.3522 


A A 1 Z' C 

0.0165 


A A/"0 rfs 

0.063* 




C29 


A AO CzT ( C\ 

0.9856 (5) 


A nil /r\ 

0.2271 (5) 


0.0784 (4) 


A A A AO /I 1\ 

0.0402 (13) 




t to a 

H29 


1 AC C A 

1.0550 


a 1 nno 

0.1778 


A AzT on 

0.0687 


A A A O * 

0.048* 




/"■in 


U.oyjz (4) 


U.l /oz (4) 


U.3882 (J ) 


A AO/:/! /|A\ 

0.0264 (10) 




C31 


A OO A A //"\ 

0.7309 (6) 


A m A / A\ 

0.2674 (4) 


A OZ"OT f A\ 

0.3687 (4) 


AA/1C1 

0.0451 (14) 




TJ J 1 

H3 1 


a oni 
0.81 / 1 


0.266 / 


0.3 /26 


A AC A * 

0.034* 




L32 


0.6441 (8) 


0.3607 (5) 


A O A O /I /C\ 

0.3434 (5) 


A Az^/C ZO\ 

0.066 (2) 




TJ J J 

H32 


a CTm 
U.o /U / 


A ylOQT 

0.423 / 


A T O Q C 

0.3293 


A A"70* 

u.u /y* 




C33 


A C 1 AA /T\ 

0.5190 (7) 


0.3615 (5) 


AOOO/1 /C\ 

0.3384 (5) 


A A/"A ZO\ 

0.060 (2) 




H33 


a j cnc 
0.4593 


A A O C J 

0.4234 


a i o nn 
0.320/ 


U.U/2^ 




C34 


A /I OA J /zT\ 

0.4804 (6) 


0.2/14 (3) 


A O f O/T /C\ 

0.3386 (3) 


A Ad /I A 1 7\ 

U.U334 (1 /) 




t n /i 

H34 


A "5 AO A 

0.3939 


A OTOA 

0.2729 


A O C C O 

0.3553 


A A/T /I sk 

0.064* 




C35 


U.5654 (5) 


U.l /83 (D) 


U.3838 (4) 


U.U38o (13) 




H35 


0.5378 


0.1157 


0.3981 


0.046* 






1 /i aoo //i 1 * 
1.4922 (4) 


A 1 AO A ( A \ 

— U.1989 (4) 


A 111 Z 

U.3 /35 (3) 


a moo /I A\ 
U.U288 (1U) 




/Tin 

L37 


1.4313 (5) 


—0.2721 (4) 


0.3611 (4) 


a mon /1 i\ 

0.0389 (13) 




m "7 
H3 / 


1 1 CO A 

1.352U 


A O C AA 

— U.23U9 


A Hf\A 

U.33U4 


A A/IT* 
U.U4 /* 




C38 


1.4865 (6) 


-0.3759 (5) 


A 1A1C / A\ 

0.3935 (4) 


AA/1A1 /1C\ 

0.0491 (15) 




Til O 

H38 


1 A A A1 


A A O^C 1 

—(J. 4261 


A 1 O/CA 

U.38oU 


A ACA* 




C39 


1.6026 (6) 


-0.4071 (5) 


0.4366 (4) 


0.0530(17) 




H39 


1.6402 


-0.4784 


0.4583 


0.064* 




C40 


1.6642 (6) 


-0.3346 (5) 


0.4481 (4) 


0.0511 (16) 




H40 


1.7441 


-0.3563 


0.4779 


0.061* 




C41 


1.6103 (5) 


-0.2309 (5) 


0.4165 (4) 


0.0400(13) 
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H41 


1.6534 


-0.1813 


0.4239 


0.048* 




Atomic displacement parameters (A 2 ) 






T 79? 

U 


T Til 

u 33 


T 71 9 


U 13 


T 791 

u 


Snl 


0.01548 (16) 


0.02907(18) 


0.01582 (16) 


-0.00556(12) 


0.00436 (11) 


-0.00712 (12) 


Sn2 


0.01641 (16) 


0.03061 (18) 


0.01525 (16) 


-0.00626 (12) 


0.00486(11) 


-0.00684 (12) 


PI 


0.0162 (5) 


0.0304 (6) 


0.0150(5) 


-0.0061 (4) 


0.0047 (4) 


-0.0075 (5) 


P2 


0.0178 (5) 


0.0315 (6) 


0.0146 (5) 


-0.0058 (5) 


0.0038 (4) 


-0.0071 (5) 


P3 


0.0176 (5) 


0.0327 (6) 


0.0160 (5) 


-0.0066 (5) 


0.0052 (4) 


-0.0086 (5) 


P4 


0.0197 (5) 


0.0338 (6) 


0.0146 (5) 


-0.0073 (5) 


0.0058 (4) 


-0.0068 (5) 


01 


0.0211 (16) 


0.0335 (17) 


0.0171 (15) 


-0.0070 (13) 


0.0038 (12) 


-0.0060 (13) 


02 


0.0196(15) 


0.0360 (18) 


0.0211 (16) 


-0.0056 (13) 


0.0002 (13) 


-0.0104(14) 


03 


0.0261 (17) 


0.0300 (18) 


0.0194(16) 


-0.0001 (14) 


0.0019(13) 


-0.0091 (14) 


04 


0.0200 (16) 


0.0384 (19) 


0.0189(16) 


-0.0096 (14) 


0.0054 (12) 


-0.0093 (14) 


05 


0.0247 (17) 


0.0393 (19) 


0.0187(16) 


-0.0078 (14) 


0.0039 (13) 


-0.0086 (14) 


06 


0.0268 (18) 


0.043 (2) 


0.0231 (17) 


-0.0060(16) 


0.0053 (14) 


-0.0168(15) 


07 


0.0203 (16) 


0.0413 (19) 


0.0243 (17) 


-0.0092 (14) 


0.0130(13) 


-0.0127(15) 


08 


0.0205 (16) 


0.0383 (19) 


0.0174(15) 


-0.0051 (14) 


0.0072 (12) 


-0.0058 (13) 


09 


0.0354 (19) 


0.0348 (19) 


0.0202 (16) 


-0.0114(15) 


0.0101 (14) 


-0.0116(15) 


010 


0.0209 (16) 


0.0365 (19) 


0.0205 (16) 


-0.0073 (14) 


0.0056 (13) 


-0.0092 (14) 


Oil 


0.0243 (16) 


0.0390 (19) 


0.0168 (16) 


-0.0081 (14) 


0.0115 (13) 


-0.0083 (14) 


012 


0.0263 (18) 


0.048 (2) 


0.0225 (17) 


-0.0125 (16) 


0.0069 (14) 


-0.0147(15) 


CI 


0.026 (2) 


0.031 (3) 


0.022 (2) 


-0.0052 (19) 


0.0074(19) 


-0.0047 (19) 


C2 


0.045 (3) 


0.032 (3) 


0.036 (3) 


-0.002 (2) 


0.019 (2) 


-0.008 (2) 


C3 


0.048 (4) 


0.045 (3) 


0.052 (4) 


0.002 (3) 


0.019(3) 


-0.014 (3) 


C4 


0.071 (5) 


0.038 (4) 


0.076 (5) 


-0.006 (3) 


0.013 (4) 


-0.013 (3) 


C5 


0.029 (2) 


0.035 (3) 


0.021 (2) 


-0.006 (2) 


0.0024 (19) 


-0.007 (2) 


C6 


0.031 (3) 


0.040 (3) 


0.040 (3) 


-0.007 (2) 


0.013 (2) 


-0.013 (2) 


C7 


0.036 (3) 


0.038 (3) 


0.054 (4) 


-0.003 (2) 


0.011 (3) 


-0.016(3) 


C8 


0.050 (4) 


0.043 (4) 


0.080 (5) 


-0.011 (3) 


0.018 (4) 


-0.018 (3) 


C9 


0.030 (3) 


0.033 (3) 


0.023 (2) 


-0.009 (2) 


0.0009 (19) 


-0.006 (2) 


CIO 


0.060 (4) 


0.038 (3) 


0.040 (3) 


-0.018 (3) 


-0.002 (3) 


-0.013 (3) 


Cll 


0.072 (5) 


0.062 (5) 


0.070 (5) 


-0.027 (4) 


0.001 (4) 


-0.018 (4) 


C12 


0.104 (8) 


0.062 (5) 


0.131 (9) 


-0.022 (5) 


-0.028 (7) 


-0.009 (6) 


C13 


0.038 (3) 


0.037 (3) 


0.022 (2) 


-0.013 (2) 


0.004 (2) 


-0.004 (2) 


C14 


0.053 (12) 


0.043 (9) 


0.095 (18) 


-0.022 (9) 


0.049 (12) 


-0.024 (10) 


C15 


0.031 (9) 


0.031 (7) 


0.057 (11) 


-0.002 (7) 


-0.008 (6) 


-0.012 (7) 


C16 


0.14(2) 


0.044 (9) 


0.082 (14) 


-0.030 (10) 


0.035 (13) 


-0.040 (9) 


C14A 


0.032 (8) 


0.049 (8) 


0.033 (7) 


-0.014 (7) 


-0.001 (6) 


-0.012 (6) 


C15A 


0.033 (9) 


0.044 (8) 


0.059 (12) 


-0.018 (8) 


0.016(7) 


-0.020 (9) 


C16A 


0.039 (8) 


0.061 (11) 


0.081 (13) 


-0.005 (7) 


0.010 (7) 


-0.004 (9) 


C18 


0.026 (3) 


0.044 (3) 


0.046 (3) 


-0.013 (2) 


0.006 (2) 


-0.010(3) 


C19 


0.040 (3) 


0.052 (4) 


0.075 (5) 


-0.027 (3) 


0.013 (3) 


-0.009 (3) 


C20 


0.063 (4) 


0.037 (3) 


0.055 (4) 


-0.024 (3) 


0.014(3) 


-0.009 (3) 


C21 


0.049 (4) 


0.033 (3) 


0.053 (4) 


-0.008 (3) 


0.008 (3) 


-0.006 (3) 


C22 


0.028 (3) 


0.037 (3) 


0.041 (3) 


-0.006 (2) 


0.007 (2) 


-0.007 (2) 


C23 


0.022 (2) 


0.030 (2) 


0.019 (2) 


-0.0102(18) 


0.0042 (17) 


-0.0079(18) 


C24 


0.028 (2) 


0.032 (3) 


0.026 (2) 


-0.010 (2) 


-0.0024(19) 


-0.005 (2) 


C25 


0.031 (3) 


0.038 (3) 


0.050 (3) 


-0.010 (2) 


0.005 (2) 


-0.014(3) 
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Czo 


a aca 


U.U34 (3 J 


A AOA /C\ 

U.UoU ( j ) 


— U.(JU3 (3J 


A AA/1 f1\ 

— U.U04 (3 ) 


A A1 1 (1\ 

— U.U1 / (3J 


Cz / 


A (\£LA ( A\ 

U.(Jo4 (4) 


A f\1 £. /I \ 

U.Ojo (3 J 


A ATA /C\ 
U.O/U (J) 


— U.Ozz (3) 


A AA1 ( A\ 

U.UOz (4) 


A AAC /"I \ 

-(J.OOj (3) 


poo 
Czo 


a ac/c //i\ 
U.loo (4 J 


O.lDZ (4 J 


A AC A /"/I \ 

U.UjO (4) 


A AO£ /"3\ 

— O.Uzo (3 J 


A A 1 A /"J\ 

U.U10 (3) 


A AAT 

— U.lNJZ (3) 


Czv 


a at o /i\ 
U.(J3& (3 J 


A A/1 I /"3\ 

0.U43 (3; 


A A1 *7 

(J.U3 / (3) 


A A 1 O ZO\ 

— O.Ulz (z) 


A AAA /OA 

U.UUy (z) 


A AA/I 
— U.(JU4 (ZJ 


C3U 


U.Ozo (ZJ 


A A'} 'J /")\ 

0.U33 (3 J 


A A 1 A /Ti 

(J.Uiy (z) 


A A A 1 / 1 A\ 

— u.uoio 


A AA1T /1 q\ 

U.UU3 / (lsj 


A AAAT / 1 A\ 

— O.UOy / (ly) 


C31 


A A/1 1 /")\ 

U.U41 (3) 


A A') ^ /"} \ 

O.U3o (3) 


A ACT //I \ 

(j.Ud / (4) 


A A 1 1 /T\ 

— U.U13 (3) 


A AAT /1\ 

U.UU/ (3) 


A AAO /")\ 

— U.(J(Jo (3J 


C3z 


A AO£ 


A A1 1 /1\ 

U.(J33 (3) 


a mi /c\ 


A A1 1 

—(J. Oil (3) 


A A1 1 ( A\ 

(J. 013 (4J 


A AAA 

— U.OUv (3) 




a a^a /c\ 


A A/1 xl /'^l ^ 

U.U44 (4) 


A AC2 

U.103 (4 J 


A AO /I 

U.UZ4 (3) 


A A 1 A (1\ 

— U.UIU (3 ) 


A A 1 A 
— U.U14 (3) 


C34 


A AIO /"^ 

U.U3V (3 ) 


A ACA 

U.UjU (4 J 


a a^i //i "\ 
U.Uo3 (4) 


A AAA /"^ 

(J.UUV (3 J 


a aaa a\ 
— (J.UOV (3) 


A A1 *7 
— U.U1 / (3 J 




A AOO 

U.(JZ5 (3 J 


A A /I /I /")\ 

U.U44 (3 J 


A A/1 C /"I ^ 

(J.U40 (3) 


A AA/T ZO\ 

— O.UUo (zj 


A AAA 

U.OUU (2) 


A A1 C /"3\ 

-u.un (3) 




U.UZ / ^Z J 




U.UZU ^Z J 


—0 007 f?^ 
yj.vjvj 1 \£) 


0 0071 H 0^ 


—0 006 


C37 


0.035 (3) 


0.041 (3) 


0.040 (3) 


-0.007 (2) 


0.006 (2) 


-0.012 (2) 


C38 


0.054 (4) 


0.032 (3) 


0.059 (4) 


-0.013 (3) 


0.011 (3) 


-0.007 (3) 


C39 


0.057 (4) 


0.037 (3) 


0.050 (4) 


0.005 (3) 


0.012(3) 


-0.001 (3) 


C40 


0.044 (3) 


0.051 (4) 


0.042 (3) 


0.002 (3) 


0.000 (3) 


0.004 (3) 


C41 


0.040 (3) 


0.043 (3) 


0.031 (3) 


-0.006 (2) 


0.002 (2) 


-0.002 (2) 



Geometric parameters (A, ") 



Snl— CI 


2.116(5) 


C12— H12C 


0.9800 


Snl— C5 


2.117(5) 


C13— C14 


1.398 (19) 


Snl— 02 1 


2.140 (3) 


C13— C14A 


1.522 (16) 


Snl— Oil" 


2.149 (3) 


C13— H13A 


0.9900 


Snl— 01 


2.303 (3) 


C13— H13B 


0.9900 


Snl— 04 


2.378 (3) 


C13— H13C 


0.9900 


Sn2— C13 


2.113 (5) 


C13— H13D 


0.9900 


Sn2— C9 


2.127 (5) 


C14— C15 


1.49 (3) 


Sn2— 07 


2.138(3) 


C14— H14A 


0.9900 


Sn2— 05 


2.139(3) 


C14— H14B 


0.9900 


Sn2— 08 m 


2.317(3) 


C15— C16 


1.53 (3) 


Sn2— O10 


2.391 (3) 


C15— H15A 


0.9900 


PI— 01 


1.513 (3) 


C15— H15B 


0.9900 


PI— 02 


1.516(3) 


C16— H16A 


0.9800 


PI— 03 


1.563 (3) 


C16— H16B 


0.9800 


PI— C23 


1.802 (5) 


C16— H16C 


0.9800 


P2— 05 


1.509 (3) 


C14A— C15A 


1.52(2) 


P2— 04 


1.522 (3) 


C14A— H14C 


0.9900 


P2— 06 


1.580 (4) 


C14A— H14D 


0.9900 


P2— C24 


1.795 (5) 


C15A— C16A 


1.49 (2) 


P3— 07 


1.517(3) 


C15A— H15C 


0.9900 


P3— 08 


1.518 (3) 


C15A— H15D 


0.9900 


P3— 09 


1.566 (4) 


C16A— H16D 


0.9800 


P3— C30 


1.786 (5) 


C16A— H16E 


0.9800 


P4— Oil 


1.508 (3) 


C16A— H16F 


0.9800 


P4— O10 


1.521 (3) 


C18— C19 


1.380 (8) 


P4— 012 


1.577 (4) 


CI 8— C23 
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C41— C36— P4 




119.2 (4) 


CIO— C9— Sn2 


117.3 (3) 




C38— C37— C36 




119.7 (5) 


CIO— C9— H9A 


108.0 




C38— C37— H37 




120.1 


Sn2— C9— H9A 


108.0 




C36— C37— H37 




120.1 


CIO— C9— H9B 


108.0 




C39— C38— C37 




120.4 (6) 


Sn2— C9— H9B 


108.0 




C39— C38— H38 




119.8 


H9A— C9— H9B 


107.2 




C37— C38— H38 




119.8 


C9— CIO— Cll 


112.7(5) 




C38— C39— C40 




120.0 (6) 


C9— CIO— HI OA 


109.0 




C38— C39— H39 




120.0 


Cll— CIO— HlOA 


109.0 




C40— C39— H39 




120.0 


C9— CIO— HI OB 


109.0 




C41— C40— C39 




120.3 (6) 


Cll— CIO— HlOB 


109.0 




C41— C40— H40 




119.9 


HlOA— CIO— HI OB 


107.8 




C39— C40— H40 




119.9 


cm rn rm 


1 1 ^ (1\ 




C40— C41— C36 




1 1 Q Q (f,\ 

117.7 \\J ) 


C12— Cll— H11A 


108.9 




C40— C41— H41 




120.0 


ri o n 1 ri 1 a 

V. IV/ V. 1 1 1111 J\ 


1 08 9 

1 UO.7 




C36— C41— H41 




1 90 0 


Svinmptrv rnHps' fi^ — v+1 — v — v (v\\ v — 1 v 




->>, -z+1 ; (iv) x+\,y, z. 






J-Jvnrn&PFi-nnvin &pnrviptv\) (A \ 












Z) — H—^4 




D — H 


R-A 


D-A 


D—tt-A 


03— H3 -O10 v 




0.87 (2) 


1.80(1) 


2.656 (5) 


172 (6) 


06— H6-01 




0.86 (2) 


1.77(1) 


2.628 (5) 


172 (6) 


09— H9-04 




0.87 (2) 


1.83(2) 


2.662 (5) 


159(6) 


012— H12-08 111 




0.88 (2) 


1.78 (2) 


2.633 (5) 


168 (6) 



Symmetry codes: (iii) -x+2, -y, -z+1; (v) -x+2, -y, -z. 
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